Src family kinase activity is required for Kit-mediated mitogen-activated protein (MAP) kinase activation, however loss of functional retinoblastoma protein makes MAP kinase activation unnecessary for growth of small cell lung cancer cells.
Small cell lung cancer (SCLC) is characterized by multiple genetic alterations that include inactivation of the retinoblastoma protein (Rb), the establishment of several autocrine loops including that induced by coexpression of stem cell factor (SCF) and Kit, and the ectopic expression and activation of Src family kinases. Previous studies have shown that Lck associates with, and becomes activated by, Kit after SCF stimulation of SCLC cells. In the present study, we have demonstrated that PP1, a pharmacological inhibitor of Src kinases, blocked SCF-mediated activation of mitogen-activated protein (MAP) kinase, but it also inhibited Kit activation. However, MAP kinase activation was more sensitive than Kit activation to the effects of PP1. Overexpression of Lck reduced the sensitivity of MAP kinase activation to PP1 without altering the sensitivity of Kit activation, which suggested a role for Lck in SCF-mediated MAP kinase activation. Inducible expression of a dominant negative Lck inhibited MAP kinase activation in a dose-dependent manner, which confirmed that Src family kinase activity is required for SCF-induced MAP kinase activation. The growth of cells that expressed dominant negative Lck was unaffected, however, despite the inhibition of MAP kinase. Growth was also unaffected by the inhibition of the MAP kinase pathway using PD 98059, but sensitivity to the MAP/extracellular signal-regulated kinase kinase inhibitor could be partially restored by expression of wild-type Rb. Therefore, MAP kinase activation seems to be dispensable for the growth of SCLC only in the absence of Rb expression. These data suggest that the SCF/Kit autocrine loop, through activation of Lck and subsequently MAP kinase, and the mutational inactivation of Rb contribute to the loss of G1-S phase checkpoint regulation during the pathogenesis of SCLC. Furthermore, the data demonstrate that, in established SCLC cell lines, proliferative signal transduction initiated by Kit is mediated by pathways other than the classic MAP kinase pathway.